ABSTRACT. Duck parvovirus (DPV) and Goose parvovirus (GPV) isolated from infected waterfowls with Derzsy's disease in the year 1999 were identified by polymerase chain reaction and sequencing. The nucleotide sequences of their viral capsid proteins (VPs) show that they share 77% similarity at the DNA, and 84.6% at the protein level. The most variable region between DPV and GPV resides in the N-terminal of VP2 before the initiation codon of VP3 with 35% (19/54) amino acids divergence. Viral capsid protein sequences diverge 4.1 to 4.4% among 1990-99 isolated strains. Variant amino acids cluster in the common regions of VP3 at residues 203-266 and 482-534 which overlaps with the regions proposed to expose on the outer surfaces of parvoviral particles, implying that selective pressure from host immune system might play a part. These data provide useful information for antigenic epitope prediction. This study also reveal the presence of conserved strain-specific residues in VPs and these residues seldom vary among different viral isolates, suggesting that they might be functionally important and worth further investigation. KEY WORDS: capsid protein, duck parvovirus (DPV), genetic variation, goose parvovirus (GPV), polymerase chain reaction (PCR).
The waterfowl parvovirus has been classified as a member of the autonomous genus, and no helper virus is required for their genome replication. Parvoviruses contain a small, linear single-stranded DNA genome of approximately 5-6 kb in length. The replication of viral genome is highly dependent on the DNA synthesis of host cells. Parvovirus utilizes a system of self-priming at the genomic termini, coupled with a hairpin transfer mechanism in the processes of autonomous viral DNA replication [21] . Parvoviruses use their small genomes with great economy. Viral genome can be divided into two major open reading frames (ORFs), the left ORF encodes for the regulatory proteins and the right ORF encodes for three capsid proteins VP1-3. In canine parvovirus (CPV), the VP1 (748 amino acid residues) and VP2 (584 amino acid residues) are derived from the same gene by differential splicing, and VP3 is derived form VP2 by proteolytic removal of about 20 amino acids from the N terminus. Therefore, the entire amino acid sequences of VP2 and VP3 are contained within the C terminus of VP1 [10] . The amino end of VP1 contains many basic amino acids such as lysine, arginine or histidine, which may help neutralize viral DNA [22] . However, baculovirus expressed VP2 can self-assemble into native-like capsids in the absence of VP1 [7, 12] . VP3 is formed in full virions (but not empty capsids) by host proteases cleavage of N terminus of VP2 [23] . The VP2 domain is immunodominant region and involved in the virus neutralization [10] . Capsid proteins are critical determinants for virus tropism, host range, and pathogenicity of many parvoviruses [4, 15, 16, 23] .
Waterfowl parvoviruses cause the most dreadful Derzsy's disease in goslings and Muscovy duckling. In October 1989, an outbreak of duck parvoviral infection occurred in Taiwan and was subsequently controlled by passive immunization of uninfected animals with sera collected from recovered duck [14] . Inactivated viral vaccine has been used for over past ten years in disease prevention. However, this disease continues to plaque waterfowl and causes immense economic losses in Taiwan. Hence, an effective vaccine against the disease is urged for disease prevention. Since, CPV and FPV (Feline parvovirus) are over 98% similar in DNA sequence but have specific host range, antigenicity, and HA properties which were determined by the sequence of capsid protein gene [3] . Thus, it is reasonable to believe that sequences variation in the capsid regions might affect their antigenicity, host ranges and biological properties of these viruses. Further understanding of parvoviral capsid proteins would improve the vaccine design, which warrant successful disease control.
In the present study we have determined the nucleotide sequences of PCR-amplified nucleocapsid genes (VP1-3) of DPV and GPV from field isolates in order to gain insight of the antigenic divergence of these two viruses. The obtained sequences were also compared to other strains deposited in GeneBank database. We have identified the highly variable region in VP2 and VP3 junction of DPV and GPV, major and minor changes on surface-exposed residues of VP3 of different viral isolates. These data provide useful information that can be used to predict the antigenicities of viral capsid proteins.
MATERIALS AND METHODS
Viruses: Viral strains used were DPV1999 and GPV1999, which were the primary isolation from infected duckling and gosling with Derzsy's disease during the year of 1999 [5] . DPV1990 and GPV1993 were the fifth passage in embryonic eggs after the primary isolation from diseased animals during the year of 1990 and 1993 respectively, and were kindly provided from Taiwan Provincial Research Institute for Animal Health. All viruses were propagated in embryonic eggs or fibroblasts [19] of their respective host once and purified by banding in CsCl as described [11] . Viral DNA was extracted using DNAzol ® (Life Technologies, U.S.A.) according to the manufacturer's instruction for PCR and sequencing.
Amplification of viral nucleocapsid gene: The gene segment encoding for the region of VP1-3 was amplified from viral DNA by PCR technique [13] . The primers were prepared according to the GPV sequence in the nucleotide sequence databases (accession number U25749). 5'-GCA-GATATGTCTACTTTTTTAG-3' and 5'-AATTTACA-GATTTTGAGT-3' are for amplification of full length VP1-3 (nucleotides 2433-4640). PCR was performed using the TaKaRa PCR Reagent Kit (TaKaRa Shuzo Co., Ltd., Kyoto, Japan) with PCR buffer (final concentration 10 mM Tris-HCl, pH 8,3, 50 mM KCl, 1.5 mM MgCl 2 ), 100 µM dNTP, 0.5 µM primer, 2.5 U Taq DNA polymerase, and 5 µl of viral DNA. The 50 µl mixture was subjected to 30 cycles of amplification (95°C for 1 min, 50°C for 1 min, 72°C for 2.5 min). The amplification was terminated with a final elongation step at 72°C for 10 min (Thermocycler, TaKaRa). The reaction products were analyzed by electrophoresis on a 1.0% agarose gel and visualized using an UV illuminator after ethidium bromide staining.
Nucleotide Sequencing and sequence analysis software: The PCR amplified VP1-3 genes products (2,200 bp) were purified individually with Agarose Gel Extraction Kit (Boehringer Mannheim, Germany). The purified fragments were sequenced directly with primers derived from both ends and internal sequences using the DNA sequencing kit (dRhodamin Terminator Cycle Sequence Ready Reaction Kit, PE Applied Biosystems, U.S.A.). The obtained DNA sequences were aligned and compared with two published reference sequences, DPV (Z68272) was isolated from Muscovy duck in France and GPV (U25749) virulent B strain was isolated from Goose in Hungary, using Clustal Method with Megalign software package (DNA STAR Inc., Madison, WI, U.S.A.).
RESULTS

Nucleotide and amino acid sequences comparison among GPV and DPV isolates:
The nucleocapsid genes of DPV and GPV isolated in the year of 1999 share 77% similarity at the DNA and 84.6% at the protein level (Fig. 1) . The comparison also revealed that there were 15.0% to 17.6% divergence between DPVs and GPVs. The most divergence between DPV and GPV resided in the junctional region of VP2 and VP3 (Fig. 2) at position 172-188. DPV contained many polar (N, S, T) residues, while GPV and non-polar (V, A, G) amino acids.
The comparison among 1990-99 isolated strains revealed that DPVs exhibited 97.7% and 95.8% homology, while GPVs shared 95.4% and 96.1% similarity, at DNA and protein level respectively (Fig. 1) . All nucleotide differences among the isolates were base substitution, no insertions or deletions were identified. The amino acid sequences of capsid proteins diverge 4.1-4.4% among 1990-99 isolated strains. The major divergences are located between amino acid residues 203 and 233 and two other regions at residues 246-266 and 482-534 (Fig. 2) .
Phylogenetic analysis of the GPV and DPV isolates:
To assess the genetic relationship among the isolates, dendrograms were constructed using Clustal method with Weighted residue weight table. There are two main groups of the Taiwan isolates that were closed related to European strain (Fig. 3) .
DISCUSSION
The waterfowl parvovirus is one of the autonomously replicating members of the Parvoviridae family, the replication is highly dependent on dividing cells actively undergo- ing DNA synthesis. But, GPV can replicate on nondividing target cells which are co-infected with herpes virus [8] . The sequence of waterfowl parvovirus is significant homology to the adeno-associated virus 2. Most parvoviruses are capable of agglutinating red blood cells. Residues N375, R377, V562, S564 and G568 of capsid protein are reported to be responsible for the hemagglutinating capability of CPV [22] . However, there were no corresponding residues found in capsid protein sequence of waterfowl parvovirus. This might explain other's [1] and our unpublished results that waterfowl parvovirus does not hemagglutinate erythrocytes from many species. The high similarity between the GPV and MDPV genomes suggests that they did not diverge from their common ancestor long ago on an evolutionary time scale [24] . In our comparison data, there are 21-25% sequences divergence among DPVs and GPVs. Both viruses contain no obvious glycin-rich sequences at N-terminal of VP2 that were conserved in other autonomous parvoviruses [22] . However, there were short stretches of G residues present in GPVs. How is this discrepancy related to the viral structure need further investigation.
N-terminal region of VP2 was shown to contain the major immunogenic regions in eliciting neutralizing antibodies, which located on the outmostly exposed spike around the threefold-symmetry axis of the virus when superimposed on the three-dimensional structure [9, 15, 17] . When the amino acid sequences of DPV and GPV were compared, the highly variable (35% divergence) residues located in N-terminal of VP2 before the initiation cordon of VP3. However, most of the divergent residues were strain-specific residues, when seldom varied among different isolates that infected the same host. The conservation of the strain-specific residues among the isolates suggested that they might be functional important such as in maintaining the viral structure or host specificity. However, this awaits further functional characterization and structural analysis by X-ray crystallography.
Our phylogenetic analysis data revealed that Taiwan parvovirus isolates were closely related to European strain. These viruses might have a common origin since the Muscovy duck L302 strain was established from the embryonic eggs imported from France [6] . Sequences reported by P. C. Chang et al. [2] are from the small DNA fragment (539 bp long) of VP3 gene, which was located mostly in minor divergent regions; therefore showed only subtle changes. This might account for the discrepancy between the two results. But, their phylogenetic analysis also indicated that Taiwan isolates were closer to European isolates. DPV and GPV are DNA viruses, which possess low mutation rates [18] , and their capsid proteins are more divergent than their nonstructural proteins due to host immune selective pressure [24] . The data in their report had revealed the major divergent residues between DPV and GPV. In addition, the divergent residues among the different isolations also unveiled possible candidates for the residues that might reside on the surface of viral particle, therefore, were forced to vary in response to the evolutionary pressure by host immune surveillance. In consistent with above prediction, our protrusion index analysis by using Thornton's antigenicity prediction also indicated that the locations of these divergent residues were matched to the regions with high protrusion scores (data not shown). Therefore, these data provide useful information for the prediction of possible antigenic determinants. Further investigations are urged to resolve the structural and functional relationship of these variant residues to virus-host interaction during waterfowl parvoviral infection.
